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© An injection molding system is used to mold a 
preform having an undercut. The molding system 
comprises an injection core mold, and three injection 
cavity molds, which are a neck mold for defining a 
neck of the preform, a first cavity mold including two 
mold halves for defining an outer wall of trie preform 
having the undercut, and a second cavity mold for 
defining a remaining outer wall of the preform. The 
molding system also includes a clamping unit for 
opening and clamping tho foregoing molds and a 
mold half opening mechanism for opening and 
clamping mold halves of the first cavity mold. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

This invention relates to an injection molding 
system for making a hollow object, and more par- 
ticularly to an injection molding system for making 
a preform having an undercut. 

2. Description of the Related Art 

With a conventional injection molding system 
which performs injection molding of a preform, and 
performs stretching and blowing of a hollow object 
in one process, a preform injection-molding system 
comprises a neck mold for defining an outer wall of 
a neck, a cavity mold for defining an outer wail of 
the other part of the preform and a core mold for 
defining an inner wall of the preform. The core 
mold is positioned in the neck and cavity molds so 
that the preform can be made by introducing a 
plastic molding compound into the space between 
these molds. The molds are opened and clamped 
by forward and backward movement of one mold 
clamping unit. Specifically, the core and cavity 
molds are vertically moved for this purpose. Such 
injection molding systems are disclosed in a num- 
ber of publications. 

The preform sometimes has an undercut which 
is reversely tapered at a lower portion of the neck 
of the preform. In such a case, the molds cannot 
be opened only by moving the cavity mold down- 
wardly. Therefore, the cavity mold includes two 
mold halves, which have to be horizontally opened 
and clamped. 

Two mold clamping units should be used to 
move the molds vertically and to move the two 
mold halves horizontally. Since the mold clamping 
unit is required to exert a relatively large clamping 
force, addition of another mold clamping unit inevi- 
tably enlarges and complicates the injection mold- 
ing system. Two independent energy sources also 
have to be installed to operate the two mold clamp- 
ing units. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to 
provide a preform injection molding system in 
which one mold clamping unit can open and close 
molds by a mold clamping force, and open and 
clamp mold halves of a cavity mold by utilizing a 
mold opening force which is reverse to the mold 
clamping force, thereby offer a simplified and com- 
pact injection molding system. 

According to this invention, there is provided a 
preform injection molding system comprising: an 
injection core mold for defining an inner wall of the 



preform and to be moved axial I y of and relatively 
to the preform; an injection cavity mold for defining 
an outer wail of the preform and to be moved 
axially along the preform, the injection cavity mold 

5 including a first cavity mold having mold halves to 
be opend and clamped in the direction perpendicu- 
lar to the axial direction of the preform, the cavities 
of the mold halves defining an outer wall of the 
preform having the undercut, and a second cavity 

10 mold having a cavity for defining another outer wall 
of the preform and to be opened axially of and 
relatively to the preform; a mold clamping unit for 
opening and clamping the injection core mold and 
the injection cavity mold by using a mold clamping 

75 force along the axial direction of the preform and 
an - opening force reverse to the clamping force, 
and a moid half opening mechanism for receiving 
the mold opening force to guide the mold halves to 
a position where the first cavity mold is released 

20 from a largest diameter portion of the undercut of 
the preform when the second cavity mold is rela- 
tively opened in the axial direction of the preform 
at the initial stage of the mold opening process, 
and then to guide both the first and second cavity 

25 molds in the axial direction of the preform to open 
the first and second cavity molds. 

After it is injection-molded, the preform is re- 
leased from the molds by opening the first and 
second cavity molds relatively to the preform. For 

30 this purpose, the second cavity mold is downwar- 
dly moved by the mold clamping unit which gen- 
erates a mold opening force in the axial direction of 
the preform. 

When a neck mold is used to make the neck of 

35 the preform, the neck mold can be upwardly 
moved while the second cavity mold is kept sta- 
tionary. In the initial stage of mold opening, the first 
and second cavity molds are released in the axial 
direction of the preform. On receiving a mold open- 

40 ing force, the mold half opening mechanism guides 
and opens the two mold halves of the first cavity 
mold perpendicularly to the axial direction of the 
preform. These mold halves are opened until the 
cavity side of the first cavity mold comes to a 

45 position at least outside the largest diameter por- 
tion of the undercut. After the mold halves of the 
first cavity mold have been opened, both the first 
and second cavity molds are downwardly moved 
relatively to the preform so that the preform can be 

50 released from the molds. 

The molds are clamped by a mold clamping 
force which is axially reverse to the mold opening 
force. Only an axial mold clamping pressure is 
sufficient to clamp the molds to perform the injec- 

55 tion molding. The first and second cavity molds 
preferably have the first and second annular tapers 
which are contacted to increase the pressure for 
clamping the mold halves. 
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After the second cavity mold has been opened 
relatively to the preform, the first cavity mold is 
moved axially of the preform to come Into contact 
with the second cavity mold, thereby shortening a 
stroke for opening the second cavity mold. 

The mold half opening mechanism can be re- 
alized by an inclined guide hole of the first cavity 
mold, and an inclined guide shaft of the second 
cavity mold. The inclined guide shaft is inserted in 
the inclined guide hole. When engaged, a cam 
having an inclined surface and a cam follower can 
serve as the mold half opening mechanism. In such 
case, the angle of inclination 0 2 of the inclined 
guide hole and the inclined surface is made small- 
er than the angle of inclination By so that the first 
and second tapers can be contacted with less 
frictional resistance. It is preferable to use either a 
spring or a cylinder as a drive source to control the 
movement of the first cavity mold in the axial 
direction at the initial stage of the mold opening 
process. The cylinder as the drive source can be 
also used to contact the first cavity mold with the 
second cavity mold when the first cavity mold is 
axially returned after the second cavity mold has 
been opened. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of an injection 
molding system according to a first embodiment 
of this invention; 

FIG. 2 is a schematic cross-sectional view show- 
ing a mechanism for controlling a horizontal 
stroke of a first cavity mold of the molding 
system of FIG. 1 ; 

FIGS. 3(A) to 3(C) show an operation sequence 
of opening the molds in the system of FIG. 1; 
FIG. 4 is a cross-sectional view of a preform 
injection molding system according a second 
embodiment; 

FIG. 5 is a schematic perspective and cross- 
sectional view of a multi-cavity mold to which 
the system of the second embodiment is ap- 
plied; 

FIGS. 6(A) to 6(D) show an operation sequence 
of opening the molds of the second embodi- 
ment; 

FIG. 7 is a cross-sectional view of an injection 
molding system according to a third embodi- 
ment; 

FIG. 8 is a schematic cross-sectional view of a 
mechanism for moving a first cavity mold of the 
system of FIG. 7; 

FIGS. 9(A) and 9(B) are front and side cross- 
sectional views, respectively, of an injection 
molding system for making a preform having a 
handle according to a fourth embodiment; and 
FIG. 10 shows an operation sequence of open- 



ing molds in the molding system of FIG. 9. 

DETAILED DESCRIPTION 

5 Preferred embodiment of this invention will now 

be described referring to the accompanying draw- 
ings. 

First Embodiment: 

w 

FIG. 1 shows an injection molding system 
comprising a core mold 18 for defining an inner 
wall of a preform 10, and three cavity molds for 
defining an outer wall of the preform 10. They are a 

15 neck mold 20, a first cavity mold 30 and a second 
cavity mold 40. 

The neck mold 20 includes a cavity side 22 for 
shaping a neck 12 of the preform 10. After injection 
molding, the preform 10 is forwarded to a succeed- 

20 ing process, i.e. a temperature control process, by 
gripping the neck 12. After the preform undergoes 
a biaxial stretch blow molding process, a molded 
hollow object such as a bottle is ejected from the 
neck mold 20 in an ejecting process. The neck 

25 mold 20 has two mold halves (not shown) which 
are opend and closed horizontally. 

The first cavity mold 30 has a cavity side 32 to 
form a shoulder 14 under the neck 12 of the 
preform 10. Since the shoulder 14 is an undercut in 

30 the shape of a reverse taper, the first cavity mold 
30 is made of two mold halves 30a, 30b which can 
be opened and closed to left and right in the plane 
of FIG. 1. These mold halves 30a, 30b are fastened 
to holders 30c. 30d having inclined guide holes 36 

35 to be described later. 

The second cavity mold 40 includes a first 
member 40a having a cavity side 42, a second 
member 40b for forming a cooling area around the 
first member 40a, and a third member 40c for 

40 fixing an inclined guide shaft 46 (to be described 
later). The cavity side 42 forms a bottomed side 
wall 16 under the shoulder 14. The members 40a 
to 40c are respectively made of two mold halves 
each to facilitate assembling, functioning together 

45 as the second cavity mold 40. 

The respective molds will be opened as de- 
scribed below. The height of the neck mold 20 
remains the same even when the molds are 
opened. The core mold 18 is upwardly moved from 

so the interior of the preform by a vertical upward 
opening force 210 exerted by a mold clamping unit 
(not shown), being released from the preform 10 
retained in the neck mold 20. The first and second 
cavity molds. 30, 40 are downwardly moved below 

55 the bottom of the preform 10 by a vertical down- 
ward opening force 200 exerted by the mold 
clamping unit. Since the shoulder 1 4 of the preform 
10 is in the shape of undercut, the mold halves 
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30a, 30b of the first cavity mold 30 are horizontally 
moved (i.e. right and left in the plane of FIG. 1) at 
an initial stage of the downward movement. This 
horizontal movement of the mold haves 30a, 30b 
are executed by the vertical downward opening 
force 200 received from the mold clamping unit. 
The core mold 18, and first and second cavity 
molds 30, 40 are clamped by a mold clamping 
force which is reverse to the foregoing mold open- 
ing forces 200, 210. 

The mold halves of the first cavity mold 30 are 
horizontally opened as described hereinafter. The 
first cavity mold 30 has, at its lower outer wall, a 
first annular reverse taper 34 which is outwardly 
inclined to an upper end. The second cavity mold 
40 has a recess surrounding the first annular taper 
34. A second annular taper 44 is formed in the 
recess, having an angle substantially equal to the 
angle of the first annular taper 34. These annular 
tapers 34, 44 are in contact with each other when 
the molds are clamped. The tapers 34, 44 have an 
angle 0^ . 

The third member 40c of the second cavity 
mold 40 has a guide shaft 46 which is inclined 
upwardly with an angle 0 2 smaller than the angle 
0i. Holders 30c, 30d of the first cavity mold 30 
have an inclined guide hole 36 for receiving the 
inclined guide shaft 46 therein. A coil spring 50 is 
arranged in the guide hole 36. An upper end 50a of 
the coil spring 50 is held by the upper portion of 
the guide hole 36. The lower end 50b of the coil 
spring 50 is in contact with the upper surface of the 
second cavity mold 40. A transverse hole 38 is 
formed in an area of the first cavity 30 where there 
is no guide hole 36. The transverse hole 38 is in 
parallel to the direction for opening the first cavity 
mold 30 horizontally, receiving a stop rod 52 there- 
in. The stop rod 52 have at its opposite ends a pair 
of stops 54, 54 to control a stroke for opening the 
mold halves of the first cavity mold 30. 

The operation of the preform injection molding 
system will be now described referring to FIGS. 3- 
(A) to 3(C). 

FIG. 3{A) shows that the molds are clamped by 
the vertical clamping forces 202, 212 exerted by 
the mold clamping unit. Specifically, the core mold 
18 is descended by the mold clamping force 212 
of the clamping unit, while the first and second 
cavity molds 30, 40 are ascended to come into 
contact with the bottom of the neck mold 20 by the 
mold clamping force 202. The annular tapers 44 
and 34 of the second and first cavity molds 40, 30 
are contacted with each other to clamp firmly the 
mold halves 30a, 30b of the first cavity mold 30 
radially and inwardly. In other words, these mold 
halves 30a, 30b are clamped by the vertical up- 
ward clamping force 202 applied to the second 
cavity mold 40. Under the clamped condition, a 



plastic molding compound is introduced via a gate 
41 at the center of the second cavity mold 40 to 
make the preform 10. Thus the preform 10 includ- 
ing the neck 12, shoulder 14 having the undercut, 

5 and bottomed side wall 16 will be injection-molded. 
The molds will be opened after the injection 
molding of the preform 10. The mold opening force 
200 of the mold clamping unit moves the second 
cavity mold 40 downwardly. Since the first cavity 

70 mold 30 is always biased by the coil spring 50 to 
move above the second cavity mold 40, the first 
cavity mold 30 is not moved vertically at the initial 
stage. 

The moving bias force F of the coil spring 50 is 

is obliquely applied along the inclined guide hole 36 
and the inclined guide shaft 46. The moving bias 
force F of the coil spring 50 produces a vertical 
moving bias force Fi and a horizontal moving bias 
force F 2 as components of force. The vertical mov- 

20 ing bias force Fi functions to prevent vertical 
movement of the first cavity moid 30. On the other 
hand, since the second cavity mold 40 is downwar- 
dly moved, the horizontal moving bias force F2 is 
applied to the first cavity mold 30 so that a force is 

25 applied to the first cavity mold 30 to move its mold 
halves to right and left as shown in FIG. 3(B). 
Under this condition, the first and second cavity 
molds 30, 40 are engaged with each other by the 
inclined guide hole 36 and the inclined guide shaft 

30 46, so that the mold halves 30a, 30b of the first 
cavity mold 30 are guided by the angle of inclina- 
tion 92. 

Following the downward movement of the sec- 
ond cavity mold 40. the mold halves 30a, 30b are 

35 horizontally opened. The first and second annular 
tapers 34, 44 are initially in contact with each other, 
being protected against an excessive frrctional con- 
tact with each other since the taper angle 01 is 
larger than the angle of inclination 02. The first 

40 cavity mold 30 are horizontally opened until its 
mold halves 30a, 30b come into contact with the 
stops 54, 54 at the opposite ends of the stop rod 
52. 

When the first cavity mold 30 has been hori- 
45 zontally opened, the cavity side 32 of the first 
cavity 30 is completely released from the largest 
diameter portion of the shoulder 14 including the 
undercut of the preform 10. 

Thereafter the second cavity mold 40 is con- 
50 tinuously descended. Since the horizontal opening 
of the first cavity mold 30 is prevented by the 
stops 54, 54, both the first and second cavities 30, 
40 are coupled by the coil spring 50 to be de- 
scended together as shown in FIG. 3(B). 
55 FIG. 3(C) shows that the molds have been 

< opened. Specifically, the core mold 18 is lifted by 
the opening force 210 to the position where the 
core mold 18 is completely released from the neck 
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mold 20 holding the preform 10. The first and 
second cavity molds 30, 40 are descended further 
below the bottom of the preform to. Then, both the 
first arid second cavity molds 30, 40 can be 
opened to a position where they do not interfere 
with the preform 10 which is held by the neck mold 
20 to be conveyed to a next step, temperature 
controlling step, for example. 

With the foregoing arrangement, the first cavity 
moid 30, which has the cavity side for forming the 
undercut for the preform 10, can be horizontally 
opened by the mold clamping unit issuing only the 
vertical opening forces 200, 210. The injection 
molding system of this embodiment can be simple, 
compact and energy-efficient compared with a sys- 
tem including a mold clamping unit for issuing a 
horizontal opening force. The first cavity mold 
which is relatively light in weight can be horizon- 
tally and smoothly opened with ease by applying 
the vertical opening force 200. 

Second Embodiment: 

An injection molding system of a second em- 
bodiment uses an air cylinder 60 in place of the 
coil spring 50 to guide the first cavity mold 30. The 
members identical to those of the first embodiment 
will be assigned with same reference numerals and 
will not be described in detail. In FIG. 4, the right 
side shows a front elevational view and the left side 
is a cross-sectional view of the guide shaft 46. 

The following members are different from the 
members used for the injection molding system of 
the first embodiment. The inclined guide hole 36 of 
the first cavity mold 30 receives the inclined guide 
shaft 46 with a smaller fit tolerance, since no coil 
spring is fitted in the guide hole 36. A retainer plate 
70 is located between the plate 20a of the neck 
mold 20 and holders 30c, 30d of the first cavity 
mold 30. The retainer plate 70 has a guide rail 72 
for guiding the mold halves 30a, 30b of the first 
cavity mold 30 horizontally (i.e. in the direction 
perpendicular to the plane of the drawing sheet of 
FIG. 4). An air cylinder 60 is positioned on the side 
of the second cavity mold 40, having a cylinder rod 
62 moving upwardly and downwardly. Trie upper 
end of the cylinder rod 62 is fastened to the 
retainer plate 70. When preforms 10 are made by 
using a multi-cavity mold, a plurality of the first and 
second cavity molds 30, 40 are arranged as shown 
in FIG. 5, the retainer plate 70 becomes long 
according to the arrangement of these molds, be- 
ing vertically movable by one air cylinder 60. 

The operation of the injection molding system 
will now be described referring to FIGS. 6(A) to 6- 
(D). 

FIG. 6(A) shows that the molds are clamped to 
injection-mold the preform 10. The retainer plate 



70. and first and second cavity molds 30, 40 are 
clamped by the vertical upward clamping force 
202. 

After injection-molding the preform 10, the 

5 mold opening force 200 begins to move the sec- 
ond cavity mold 40 downwardly. At first, only the 
second cavity mold 40 is moved downwardly by 
the vertical mold opening force 200 exerted by the 
clamping unit. Therefore, the cylinder rod 62 of the 

10 air cylinder 60 is upwardly projected, keeping the 
retainer plate 70 in close contact with the bottom of 
the neck mold 20. The height of the first cavity 
mold 30 remains the same. When the second 
cavity mold 40 begins moving downwardly, the 

75 inclined guide shaft 46 moves in the inclined guide 
hole 36 of the first cavity mold 30. Thereafter, the 
guide shaft 46 engaged in the guide hole 36 guides 
the mold halves 30a, 30b of the first cavity mold 30 
to be opened right and left in the plane of the 

20 drawing sheet of FIG. 6(B). When the cavity side 
32 of the first cavity mold 30 is completely re- 
leased from the largest diameter portion of the 
shoulder 14 having the undercut of the preform 10. 
the cylinder rod 62 of the air cylinder 60 stops its 

25 movement. 

Then downward movement of the second cav- 
ity mold 40 is started. The second cavity mold 40 
and retainer plate 70 which are coupled by the 
cylinder rod 62, and first cavity mold 30 supported 

30 by the retainer plate 70 are downwardly moved 
together. 

The second cavity mold 40 is downwardly 
moved to a lower position shown in FIG. 6(C). At 
this position, the retainer plate 70 and the first 

35 cavity mold 30 are above the bottom of the 
preform 10. Under this condition, the cylinder rod 
62 of the air cylinder 60 is pulled by a pulling force 
220. As shown in FIG. 6(D), the retainer plate 70 
and first cavity mold 30 are downwardly moved. 

40 When the bottom of the first cavity mold 30 con- 
tacts with the top of the second cavity mold 40, the 
top of the retainer plate 70 is below the bottom of 
the preform 10. Then the core mold 18 is lifted to 
come out of the preform 10. The preform 10 will be 

45 rotatably transferred to a next step by using the 
neck mold 20. 

In the second embodiment, after the downward 
movement of the second cavity mold 40, the re- 
tainer plate 70 and the first cavity mold 30 are also 

so moved downwardly by the air cylinder 60. The 
stroke for opening the second cavity mold 40 can 
be shortened compared to the stroke of the mold- 
ing system of the first embodiment, thereby mak- 
ing the molding system more compact. The air 

65 cylinder 60 may have a relatively low power since 
it is not used for clamping the molds. 

Third Embodiment: 
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FIG. 7 shows a preform injection molding sys- 
tem according to a third embodiment of this inven- 
tion. This system uses a cam mechanism in place 
of the inclined guide holes 36 and inclined guide 
shafts 46 of the systems in the first and second s 
embodiments. 

The third embodiment differs from the first and 
second embodiments in the following. A cam block 
80 is mounted on a side of the second cavity mold 
40. The cam block 80 includes a grooved cam 82, io 
which has a vertical groove 84 at a lower portion 
thereof and an portion 86 extending from the verti- 
cal portion and is inclined outwardly. A shaft 90 
projects from a side of the first cavity mold 30. The 
shaft 90 has a cam follower 92 which is engaged is 
with the grooved cam 82. When the inclined por- 
tion 86 has an angle of inclination 6 2 , this angle of 
inclination 6 2 is preferably smaller than the angle of 
inclination 6y of the tapers 34, 44 (i.e. 6i > 

The first cavity mold 30 includes a stop rod 20 
100 extending downwardly therefrom. The stop rod 
100 has a stop 102 at its one end. The second 
cavity mold 40 has a pit 104 into which the stop 
rod 100 is inserted. The pit 104 has an upper small 
diameter portion 104a, a lower large diameter por- 25 
tion 104b. and a step 104c located between the 
small and large diameter portions 104a, 104b. 

The following describe the operation of this 
system. 

When the second cavity mold 40 is downwar- 30 
dly moved by a mold opening force 200 after 
injection-molding the preform 10, the cylinder rod 
62 of the air cylinder 60 extends upwardly as 
shown in FIG. 8 as done in the system of the 
second embodiment, keeping the retainer plate 70 35 
as high as the neck moid 20 to be in contact with 
the neck mold 20. As the second cavity mold 40 is 
downwardly moved, the cam follower 92 follows the 
grooved cam 82 of the second cavity mold 40. 
When it reaches the inclined portion 86 of the 40 
grooved cam 82, the cam follower 92 is outwardly 
guided to horizontally open the mold halves 30a, 
30b of the first cavity mold 30. The succeeding 
downward movement of the first and second cavity 
molds 30, 40 can be carried out by stopping the 45 
cylinder rod 62 of the air cylinder 60. 

To assure reliable mechanical engagement of 
these molds 30, 40, the stop 102 at the end of the 
stop rod 100 is contacted with the step 104c of the 
second cavity mold 40. In this embodiment, the 50 
mold opening stroke can be shortened as shown in 
FIG. 6(D), since the retainer plate 70 and the first 
cavity mold 30 can be downwardly moved by the 
air cylinder 60 after the second cavity mold 40 
stops its downward movement. 55 

As shown in FIG. 7, the retainer plate 70 ex- 
tends to a position where it covers the lower outer 
wall of the neck mold 20, contrary to the retainer 



plate 70 of the second embodiment. The retainer 
plate 70 also functions to cool the neck 12 of the 
preform 10. 

Fourth Embodiment: 

In a fourth embodiment, this invention is ap- 
plied to a system for injection-molding a preform 
10 having a handle 1 12 as shown in FIGS. 9(A) and 
(B). The handle 1 1 2 is in the shape of undercut. In 
this embodiment, the first cavity mold 120 is made 
high enough to form the handle 112. A handle 
cavity 122 is formed on parting sides of the mold 
halves 120a, 120b of the first cavity mold 120. 

The first cavity mold 120 is opened by engag- 
ing the inclined guide hole 124 of the first cavity 
mold 120 and the inclined guide shaft 128 of the 
second cavity mold 126 (see FIG. 10). At the initial 
stage of the downward movement of the second 
cavity mold 126. the first cavity mold 120 can be 
horizontally opened as described with reference to 
the first or second embodiment. 

This invention is not only applicable to the 
foregoing embodiments but also can be modified 
as desired within the scope of the subject matter. 

It is acceptable that the second cavity mold 
may be moved upwardly and downwardly in rela- 
tion to the preform. This invention is also ap- 
plicable to a system in which the neck mold for 
holding the preform is vertically, moved to be 
opened and clamped. It is needless to say that this 
invention is applicable to a molding system without 
using the neck mold. 

Claims 

1. An injection molding system for making a 
preform with an undercut on an outer wall 
thereof, comprising: 

(a) an injection core mold for defining an 
inner wall of the preform and to be moved 
axiafly of and relatively to the preform; 

(b) an injection cavity mold for defining an 
outer wall of the preform and to be moved 
axially of and relatively to the preform, said 
injection cavity mold including a first cavity 
mold having mold halves to be opened and 
clamped in the direction perpendicular to 
the axial direction of the preform, the cav- 
ities of said mold halves defining an outer 
wall of the preform having the undercut, and 
a second cavity mold having a cavity for 
defining another outer wall of the preform 
and to be opened axially of and relatively to 
the preform; 

(c) a mold clamping unit for opening and 
clamping said injection core mold and said 
injection cavity mold by using a mold 
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clamping force along the axial direction of 
the preform and an opening force reverse to 
the clamping force, and 
(d) a mold half opening mechanism for re- 
ceiving the mold opening force to guide 
said mold halves to a position where said 
first cavity mold is released from a largest 
diameter portion of the undercut of the 
preform when said second cavity mold is 
relatively opened in the axial direction of the 
preform at the initial stage of the mold 
opening process, and then to guide both 
said first and second cavity molds in the 
axial direction of the preform to open said 
first and second cavity molds. 

2. An injection molding system according to 
claim 1, wherein said injection cavity mold 
further includes a neck mold for defining an 
outer wall of a neck of the preform, and said 
neck mold, said first cavity mold and said 
second cavity mold are arranged in the named 
order in the axial direction of the preform. 

3. An injection molding system according to 
claim 1 or 2, wherein said mold halves have a 
through hole extending in the mold opening 
direction, a shaft extending from said mold 
halves and inserted in said through hole, and 
flange-shaped stops at opposite ends of said 
shaft. 

4. An injection molding system according to any 
of claims 1 to 3, wherein said mold half open- 
ing mechanism includes a cavity mold return- 
ing unit for moving said first cavity mold in the 
axial direction of the preform to contact said 
first cavity mold with said second cavity mold 
after opening said second cavity mold. 

5. An injection molding system according to any 
of claims 1 to 4, wherein said first cavity mold 
includes a first annular taper at the lower end 
thereof, said second cavity mold includes a 
recess surrounding said annular taper of said 
first cavity mold and having a second annular 
taper therein so that said first and second 
annular tapers come into contact with each 
other when said molds are clamped. 

6. An injection molding system according to 
claim 1, wherein the undercut of the preform is 
reversely tapered at the shoulder of the 
preform. 

7. An injection molding system according to 
claim 1, wherein the undercut of the preform is 
a handle projecting from a side wall of the 



preform below the neck of the preform. 

B. An injection molding system according to any 
of claims 1 to 3, wherein said mold half open- 
5 ing mechanism includes a guide shaft mounted 

an said second cavity mold and inclined in the 
axial direction of the preform, and an inclined 
guide hole mounted on said first cavity mold 
and receiving said guide shaft therein. 

TO 

9. An injection molding system according to 
claim 8, wherein said first cavity mold includes 
a first annular taper at the lower end thereof, 
said second cavity mold includes a recess 

75 surrounding said annular taper of said first 

cavity mold and having a second annular taper 
therein so that said first and second annular 
tapers are in contact with each other when said 
molds are clamped. 

20 

10. An injection molding system according to 
claim 9, wherein an angle of inclination 0i of 
said first and second annular tapers in the axial 
direction of the preform is larger than an angle 

25 of inclination 82 of said inclined guide hole and 

said inclined guide shaft (i.e. 01 > 6?). 

11. An injection molding system according to any 
of claims 1 to 3, wherein said mold half open- 

30 ing mechanism includes a cam mounted on 

said second cavity mold and having a guide 
surface inclined in the direction to open said 
mold halves and a cam follower mounted on 
said first cavity mold to follow said cam. 

35 

12. An injection molding system according to 
claim 11, wherein said first cavity mold in- 
cludes a first annular taper at the lower end 
thereof, said second cavity mold includes a 

40 recess surrounding said first annular taper and 

having a second annular taper therein, and 
both said first and second annular tapers come 
into in contact with each other when said 
molds are clamped. 

45 

13. An injection molding system according to 
claim 12, wherein an angle of inclination 01 of 
said first and second annular tapers in the axial 
direction of the preform is larger than an angle 

50 of inclination 62 of said inclined guide hole and 
said inclined guide shaft (i.e. e^ > e^). 

14. An injection molding system according to any 
of claims 8 to 13, wherein said mold half 

55 opening mechanism includes a spring for al- 

ways biasing said first cavity mold to move 
away from said second cavity mold in the axial 
direction of the preform. 
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15. An injection molding system according to any 
of claims 8 to 13 further including a retainer 
plate for opening and clamping said mold 
halves of said first cavity mold. 

5 

16. An injection molding system according to 
claim 15, wherein said mold half opening 
mechanism includes a moving unit for varying 
a distance between said retainer plate and said 
second cavity mold, said moving unit increas- io 
ing the distance between said retainer plate 

and said second cavity mold while controlling 
the movement of said first cavity mold in the 
axial direction of the preform in the initial stage 
of the mold opening stage, keeping the dis- 75 
tance constant after said mold halves have 
been opened, guiding both said first and sec- 
ond cavity molds to open these molds axially, 
and decreasing the distance after said second 
cavity mold to contact said first cavity mold 20 
with said second cavity mold after said second 
cavity mold is opened. 
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® Injection molding system for making preform with undercut 
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© An injection molding system is used to mold a 
preform having an undercut. The molding system 
comprises an injection core mold, and three injection 
cavity molds, which are a neck mold for defining a 
neck of the preform, a first cavity mold including two 
mold halves for defining an outer wall of the preform 
having the undercut, and a second cavity mold for 
defining a remaining outer wall of the preform. The 
molding system also includes a clamping unit for 
opening and clamping the foregoing molds and a 
mold half opening mechanism for opening and 
clamping mold halves of the first cavity mold. 
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